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(54) Apparatus and methods for complying a wdtbore 



(57) Apparatus and metnods tor completir^ a well- 
bore are dtscloeed. Certain of the apparatus and meth- 
ods use a first packing assembly (202). a second pack- 
ing assenMy (204). and a pressurization assembly 
(206) disposed between the first and eeoond packing 
assemblies to p<astk»Dy defonn a finer (122) in a racfialV 
ouhward direction via hydraulic pressure. Another meth- 
od usee a liner (602) having a first section (604) and a 
second sedkin (G06). and a packing assembly (600). 
The lirst sectfen (604) is defonnaWe H a radially oUward 
dlrectkyi at a tower pressure than the second section 
(606). The packing assembly (600) is used to plastkaily 
delomn the first sectton (604) ol Ihe liner (602) in a radl- 
ally outward direction via hydraulic pressure. 
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D#icflptlon 

[0001 J Ihe present rnvontion pertains to tho oomplo- 
tion o( wltwres. and, more partcularty. but net by way 
ol limitation, to inprovad apparatus and methods for 
completing lateral weUbores m multilateral wette. 
[0002] horizontal weU drUttng and production have be- 
come increasingly Important to Ihe oil industry in recent 
years. While horizontal welts have been known lor n>any 
years, only relatively recently have such weUs been de- 
tenntned to be a cost-eflective alternative u> convention- 
at vertical well drilling. Although driHing a horizontal weD 
usually costs mora than Us vertical counterpart, a hori- 
zontal weD frequently improves production by a factor of 
five. ten. or erven twenty h naturallytractured reser- 
voirs. Generally, projeded productivity from a horizontal 
wettora must triple that of a vertical weSbore for hort- 
zonial drilling to be ooonornical. This increased proAJc- 
tion minimizee the number of plaflonns. cuttir^g invest- 
ment, and opeiation costs. Horizontal drilling makes 
reservoirs in urban areas. pennBfroet zones, and deep 
offshore waters more aceessfele. Other applications for 
horizontal welbores include periphery weOs. thin reser- 
voire ffet would require too many vertical wellbores. and 
reeenfoiTB with coning problems \n which a horizontal 
weObore lowers the dravwdown per loot of resen^oir ex- 
poeed to slow down ooning problems. 
[0003] Some welbores contain multiple weltoores ex- 
tending bteraOy from the main weObore. These additiorv 
al tateial wellbores are sometimes referred to as drain- 
holes, and main wellbores containifig more than one lat- 
eral wellbore are referred to as muliilateral wells. Mulii- 
laieial weUs dtow an irttrease in the amount and rate d 
pioductton by increasing the surface area of the well- 
bore in contact with tho reeenioir. Thus, multilateral 
wetls are beoondng hcrsaskigly Important, both f lom 
the standtpoint of new ddfling operations and from the 
rewortdng of existing wellbores. including remedial and 
stimulation work. 

[0004] As a result of the foregoing increased depend- 
ence on and importance of horizontal wetts. horizontal 
wen con^tk)n. and partcularly multilateral weU com- 
pletxsn. have been important concerns and continue to 
provide a host of Wicult problems to overcome. Lateral 
completion, particularly at the junction between the main 
and lateral weBbores. is extremely important to avokl 
cottapse of the wellbore in unconsolidated or weakly 
consoTidated formations. Thus, open hole completions 
are limiled to competent rock formations; and, even 
then, open hole completions are inadequate since there 
is limited control or ability to access (or reenter the lat- 
eral) or to isolate production zones within the wetbore. 
Coupled with this need to complete lateral weHbores is 
the mowing desire to maintain the lateral wenbore size 
as ck)5e as possble to the sizs of the primaiy vertk»l 
weObore for ease of drilling, completnn. and future 
wortcover. 

[0005] The problem of lateral wellbora (and panicu- 



larty mutiitateral wellbore) complstion has been recog- 
nized for many years, as reflected in Ihe patent Gtera- 
ture. For exan^e. U.S. PaienL No. 4.807.704 dtedoses 
a system for completing multiple lateral welbores using 

5 adualpackerandadeflectjveguidememt>er. U.S. Pat- 
ent Ho. 2.797.893 discloses a method lor completing lal- 
erai wells using a flexble liner and deflecting tool. U.S. 
Patent No. 2.397.070 similarly describes lateral weQ- 
bore conpletion using flexible casing together with a 

10 ctosure shieti for dosing off the lateral. In U.S. Patent 
No. 2.850,107, a removable wrhpstock assembly pro- 
vktos a means for beating (e.g. accessing) a taterai sub- 
sequent to completbn thereof. U.S. Patent Nos. 
4.396.075; 4,415,205; 4.444.276; and 4.57^541 aO re- 

IS late generaSy to methods and devices for multilateral 
complations usinga template or tube gukie head. Other 
patents of general kitarsst In the fieU of horizontal weD 
completksn include U.S. Patent Nos. 2.452.920 and 
4,402.551. 

20 (0006) More recently, U.S. Patent Noe. 5.318,122; 
5.353,876; 5,388.648; and 5,520.252 have discbeed 
methods and apparatus for sealing the juncture be- 
tween a vertical welt and one or more horizontal welts. 
In addition. U.S. Patent No. 5.564.503 discloses several 

2S methods and systems for drilling arx) completing multi- 
lateral wells. Furthermore, U.S. Patent Nos. 5.566.763 
and 5.613,559 both discbse decentralizing, centraliz- 
^g. locating, and orienting apparatus and methods for 
multilateral well driling artd completion. 

30 pxXJT] Notwithstanding the above^described efforts 
toward obtaining cost-effective and wortcabte lateral well 
drilltng end completions, a need still exists lor improved 
apparatus and methods for cornpleting lateral well- 
bores. Toward this end. there also remains a need to 

3S increase the eoorK>my in lateral welbore completions, 
such as, for example, by minimizing the number of 
downhole trps necessary to drin and complete a lateral 
welbore. 

[0008] The inventkjn relates to apparatus and meth- 
40 ods for completing a wellbore. In one prefened errbod- 
iment the apparatus and nrwthods use a first packing as- 
sembly, a second packing assembly, and a pressuriza- 
Iton assembly disposed between the first and second 
packkig assemblies to plastically deform a finer in a ra- 
45 dially outward dlrectkxi via hydraulfc pressure. Another 
preferred embodiment uses a Bner having a first sectbn 
and a second sectksn, and a packing assembly The first 
section is deformable in a radiaOy outward directbn at 
a lower pressure than the second section. The packing 
so assembly is used to plasUcaDy deform the first sectbn 
of the liner in a radially outward directbn via hydiaulb 
pressure. 

[pooq One aspect ol the present inventkxi comprises 
a completbn apparatus forcouptkig tea work string and 
ss for use within a liner of a welbore. The completion ep- 
parstus includes a first packing assembly tor creating a 
fluid ti^ seal against a liner in a weDbora; a secorxl 
packing assennbty for creating a second flukf tight seal 
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against the iner. and a pre^surizaiion assocr^ty (fis- 
poaad betwaen the first and second packing assem- 
blies. 

[0010] In another aspect the present invention oom- 
prises a m^hod ol completing a wellxye. A imer is dis- 5 
posed in a welKxxe. A first packing assembly, a pres- 
surizalion assembly, and a second packing assembly 
are coupled to a work string. The work string is run into 
the liner. A fkiM tight seal is aaatad between the first 
packing assen^ly and the finer, and a fluid tight seal is lo 
created between the eeccnd packing assembly and the 
Iner. FlukJ is pumped down the wori( string to the pres- 
surtzBiion assembly- The pressurizaticn assembly and 
Quid are utiized to pressurize an annutus defined by the 
pretswization assembly, the finer, the first packing as- » 
eembV. and the second packing assembly. Ihe pres- 
sure h tie muhis Is tncraased so as to dslcrm the liner 
in a radely outward dbeclion. 
IpOII) In a further aspect, the present invention com- 
prisesamethodofcompletingawenbore.Afineri8pR>- » 
vkled having a first sectkm and a second secttoa The 
first sectnn is delormable in a radially outward directkm 
at a tower pressure than the second sectkn. The finer 
isdisposedlnawalbore.Apackktg assembly is coupled 
to a work string, and the work string is nm into the finer. » 
A fkiid tight seal is created between the packing assem- 
bly and the liner. FhikJ is pumped down the wortc string 
to pressurize an interior of the finer after the packing as- 
sembly. The pressure in the Interior of the finer is in- 
creased so as to deform the first sectksn of the I'ner in ^ 
a radiaDy outward directton. 
{0012] Reference is now made to the accompanying 
drawings, in whicfi: 

RQ.1iBaschematIc,cross-«ectnnalvtawofapor- x 
tksn of a muRBateral waO mdudkig a Jundtan be- 
tween the mah welbore and a lateral wenbore; 
RQ. 2 is a schematic, croae-sectional view of FIG. 
1 showing a portton of the seafing operation per- 
formed during completion of the lateral welRnre; 
RG. 3 is an enlar^. schematic, cross-sectional, 
fragmentary view of the junction of FIG. i showing 
a schematic view of a first embodiment of an appa- 
ratus for completing the junction according to the 
present invention; ^ 
R& 4 Is an enlarged, schematic, cross-sectional 
view of a first embodiment ol a packing assembly 
of the completion apparatus d FIG. 3; 
RG. 5 is an enlarged, schematic, cross-sectkmat. 
view of a second embocfiment of a packing assem- so 
biy of the completion apparatus of FIG. 3; 
FIG. 6 is an enlarged, schematic, cross-sectkmal 
view of a pressurtzation assembty of the comptelbn 
apparatus of FIG. 3; 

FIG. 7 is an enlarged, schematc. top sectional view ss 
of an attemative embodiment of a lateral finer used 
in connection with the present invention; 
FIG. 6 is an enlarged, schematic, cross-sectional. 



fragmentary view of the junction of FIG. 1 showfrig 
a schematic view of a second embodiment of a 
packing assembly and a (her for completing the 
junction according to the present inventkyi; 
FIG. 9A is an enlarged, schematic, cross-sectnnal. 
fragmentafy view a first embodiment o4 the finer of 
FIG. a: 

FIG. 96 is an enlarged, schematic, crose-eectional. » 
fragmentary view of a second embodiment of the 
Oner of FIG. 8; and 

FIG. 10 is on enlarged, schematc. top ssctbnal 
view of e second atemative embodimenlof a lateral 
finer used in connection with the present inventkm. 

K0019) The preferred embodimsnts of the present in- 
vention and their ac^tages are best understood by re- 
ferring to FIQS. MO of the drawkigs. Idee numerals be- 
ing used tor tike and corresponding parts of the various 
drawinga Inaoooid a ncewiththepreeentkwentten.vaf- 
kxis apparatus and methods for completng lateral wel- 
bores in a multilateral weH are de8crt)od. It wfil be ap- 
preciated that the lernis •main* or •primary' as used 
herein refer to a main welt or weObore. whether the main 
well or weObore is substantially vertical substantiatly 
horizontal, or in between. It wiD also be appreciated that 
the term *laterar as used herein refers to a deviation 
well or wellbore from the main weD or wellbore. or an- 
other lateral well or wellbore. whether the deviation is 
substantiaily vertical, subslantiafly horizontal, or in be- 
tweea It will further be appreciated that the term Nerti- 
car as used herein refers to a substantially vertical well 
or wellxye. and thai the term niortzantar aa used here- 
in refers to a substantially horizontal wen or weltoore. 
[001^ tntheovefanproeeeeofdriffingandoompleting 
a tateial waflbora in a multilalerBl wed the toltowing gen- 
aid steps are performad. Rist. the main wefibore is 
drilled, and the mam wellbore casing Is installed and ce- 
mented into place. Once the desired locatkm tor a junc- 
tion is identified, a window is then created in the main 
wefibore casing using an orientation dev«e. a multilat- 
eral packer, a holtow whipstock. and a series of mills. 
Nexi. the lateral welbore is dritted. and a finer is dis- 
posed in the lateral welfiMre and cememed into place. 
AmlBisthenueedtodrill through any cement plug at 
the top of the hollow whipstock and any portion d the 
tBteral welbore liner extending into the main welbore to 
ree8tal>tlsh a flukJ oommunicaling bore through tfie main 
welbore. Finally, in some lateral MraDboras. a window 
bushing is disposed within the main wefibore casing, the 
hoOow whipstock. and the multilatoral packer. The «rav 
dow bushing f acfiltates the navigatnn of downhole tools 
through the junction between the main wellbore and the 
lateral wefibore. 

[0016] The present inventkm is related to a portksnotf 
the above-described process, namely the oomptetion of 
the junctkm between the main welbore and a lateral 
welbore. However, as described above, certain other 
steps are pertormed t)ef ore such a junction may ha com- 
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pleted. Relening ncm to FIG. 1, an exemplary junction 
lOObetweenamainwenbofa lOSandabteralwelbOfe 
1 04 is Qlustrated. Main waitxm 102 ts drilled using con- 
ventional techniques. A main wstmore casing 106 is in- 
stalled h main welbore 102. and cement 108 Is dis- 
posed between main wedbore 102 and main weDbora 
casing 106, using conventional techniques. 
[OOiq Ashaambta work sUinghavinga windowbush- 
^locating profile 110. an orientation nipple tl2.amul> 
titatefal packer assembly 114. a hoOow wtiipstock 118. 
and a starter mill pilol (not shown) is njn into main 
weHbore casing 106. Certain portions orf such a work 
string are more fully disctoeed in U.S. Patent Nos. 
5,613,559; 5,566.763; and 5,501^81. The work string 
is locatedat the pfoper depth and orientation within main 
weflbore casing 106 using oonventkjnal pipe tally and^ 
or gvrwna ray eurveyafor depthandmeasufomenl wMto 
driHing (MWD) orientatkm for azimuth. Packer asserribly 
11 4 is set against main welbore easing 1 06 using sups, 
packing elentents. and conventional hydraufie, mechan- 
ical, or hydrauHc and mechanleal setting technk^ues. 
[0017] Using techniques more completeV described 
in the above-referenced US. Patent Noe. 5.61^559; 
5.566.763; and 5.501.281. whipstock 116 is used to 
gukto work strings supporting a variety of tools and 
equvmenttodrin and complete lateral weO bore 104. 
First, a series ol mBls. such as a slarter mm. a window 
mHI. and a watenneton mtU are used to create a window 
120 in main welbore casing 106. Next, a drilling motor 
Is used to driS lateral welbore 1 04 from window 1 20. A 
lateiBl weBbore liner 1 22 Is then disposed within tateial 
weHbore 104. and sealant 124 is disposed between lat- 
eral weObore 104 and iner 122. 
[0016] More spedfiCBlly regarding the steps of dto- 
poeing and sealing liner 122. liner 122 preferably has a 
generaty eySndrfeal SDdal bqie and a genemBy cySndrt- 
cal external surface. Uner 122 is preferably made from 
steel, steel alk3y8,pla8tk;. or other materiaboonvention- 
ally used for lateral liners. A worti string 128 having a 
liner hanger 130. wiper plugs 1 32 and 1 33. and Bner 122 
is run down main weHbore casing 106 unti liner 122 is 
deflectodbyhoflow Whipstock 118. This deliectwn caus- 
es Bner 122 to be disposed in lateral welbore 104 and 
Junctkxi 1 00. liner hanger 1 30 and wiper plugs 1 32 and 
133 remaki disposed above window 120. Uner hanger 
IX is then set againsi main wellbore casing 106 using 
. conventional techniques. 

(0019} ReferringtonGS-landacementingof lateral 
weObore 1 04 may be accomplished by either one or two- 
stage cementing depending on Ihe length d wellbore 
104. Typically, the length of lateral weUbore 104 Is such 
that two stage cementing is preferred. In a two-stage 
cementrg operatkxi. liner 122 is equipped wlh a stage 
cementing tool 138. Stage cementing tool 138 is nitially 
in a first positkan mat allows fluid communication within 
line r 1 22 past tooll 38, but does not alkaw ftuki commu- 
nicatkxi from liner 122 into the annuhis between liner 
122 and lateral welbore 104. A first stage of cement 



124a is punr^ied down drill string 128 and out a fcmer 
end 1 36 of finer 122. First stage of cement 124a is pref- 
erably a conventkytal cement or conventional hardana- 
bie resin. Next, a conventkxiat wiper dart (not shown) is 

5 punped down drfll string 128 to land at wiper plugs 132 
and 133. After bndhg. applied pressure releases wiper 
plug 132 and afk>ws it to be pumped down ta and seal 
off. towof end 1 36 of lin er 1 22. This displacemenl of wip- 
er plug 132 causes first stage of cemont 124a to flow 

10 throu^KXit the annulus between liner 122 and lateral 
welbore 104 up to stage cementing tool 138. An in- 
crease in pressure may be obsenrad top hole by con- 
ventk)nal pressure measuring devices upon ttie laixiing 
of wiper plug 132 in tower end 136. 

IS {fxoai Contimied appUcatk)n of pressure moves 
stage cementing tool 138 to a second posftxxi that pre- 
ventstluUeommunicattonwlMn Iner 122 past stage ce- 
menting tool 138. but aflows fluid oommunicatkin from 
Kner 122 into the mukis between iner 122 and lateral 

<o welbore 104. A second stage of eealant 124b is then 
punped down driD strkig 128 and into Bner 122. Next, a 
second wper dart (not shown) Is pumped down drill 
string 128 to land at wiper plug 133. After lancfing. ap- 
plied pressure releases wiper plug 133 and allows it to 

^ be punped down to. and seal off. linen 22 at stage ce- 
mentbigtool 138. This displacement ol wiper plug 133 
causes second stage of sealant 124b to fksw through 
stage cementirtg tool 1 38 and into the annutus t>etween 
lateral wellbore 1 04, main weUbore casing 1 06. and liner 

M 1 22 Up to atop portkxi 134 of Uner 122. positnning seal- 
ant 124b throughout junction 100. Once wiper phig 1 33 
lands at stage cementing tool 1 38, continued applicatkx) 
of pressure moves stage cementing tool I38toathifd 
poeittoa preventing further circulatbn or baekftow ol 

9S eealant 124b. 

IDQ21] Sealant 124b is preferably a specialized mul- 
tilateral [unctton cententltkxis sealant, or a specialized 
multilaleral junctkxi elastomeric sealant A preferred ex- 
anple of such a cementit nus sealant is M-SEAL6 soU 

49 by Haflburton Energy Senricee of CarroUlon. Texas. 
Such cementitious sealants are characterized by rela- 
tively k3w ductaity and hi(h oompreesive strength, as 
oon^red to such etastomeiic sealants. A preferred ex- 
an^ of such an elastomeric sealant is FLEX-CEM6 

4S eokl by HaHburton Energy Services of Carrooton. Tex- 
as. Such elastomeric sealants are characterized by rel- 
atively hlgr> ductlity and low compressive strength, as 
compared to such cemeniitkius eealants. Alternatively, 
conventional cement or a conventional hardenable resin 

eo may be usedas second stage sealant 124b. 

[0022] Refeningnow toFIG. 3. an enlarged, schemat- 
ic, cross-sectional, view of a completion apparatus 200 
according toa first, preferred embodiment of the present 
hventnn ie shown disposed within junction 100. Com- 

ss pietion apparatus 200 preferably oomprisee a hotlow 
mandrel havmgakywerpackktgasseihbly 202. an upper 
packing assembly 204, and a pressurizatkxi asseihbfy 
206. Completion apparatus 200 is preferably coupled to 
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work Btrlrig 128abovea8upportingrnandrel 140 tor wip- 
er plugs 1 32 and 1 33, and lower pecking assambry 202. 
upper packing assembly 204. and pfBSSurizatkxi as- 
sambV 206 are preforabiy oouplad k> aach other by tool 
joints or other con/entkmt means (not shown). Al- 
though not shown in FIGS. 1 and 2 tor dardy of iDusUa- 
tioni tiner 1 22 is preferably fonned with a no^ shoulder 
142 and an annular poUshed bora receptacle 144 betow 
no-go shoukferl 42. 

(0023) Aa shown in FIOS. 3 and 4, tower packing as- 
senibly 202 preferably includes a seal assembly 205. 
and a no^ slaeve 207 for mating wfeh n&ijo ehoulder 
142 of finer 122. Seal asserWbly 205 preferably compris- 
es a pluiafity ol annular sealing etements 206, such as 
corworttonalo^lngs or packing devfces. andan anruilar 
epacar msmbar 210, both of wNch are dispoeed withh 
muilar reeaas 212 on the axtamal stiifaca of tawsr 
paclQnga8aerTMy202.Sealinoelemerits20efrKttonaRy 
engage pofiahed bore reeeptada 1 44. which Is kicated 
on the iraier diameter of finer 122 and ganeraBy sur- 
rounds arviuiar recess 21^ Pofished bora receptacle 
144 cooperates with annular saalng'elements 206 to 
create a flukMight seal. 

P)024) Alteinatively,as8howninriGS.3and5.tower 
packing asserrtbly 202 may comprise a oonventkxial 
packsr 220 havkig slips 22Z packing elaments 224. and 
actuating means 226. Packer 220 may be hydraurically. 
mechanleaSy» or hydraulicaily and mechanlcaly sal via 
actuating means 226 so that packing elements 224 cre- 
ate a fluid tig^l seal against liner 122. As shown in FIG. 
5, when oonventtonat packer 220 is used for tower pack- 
tog assembly 202. fner 122 may be tormed wtthoul no- 
go ehouktor14Ztf desired. 

{00251 Upper packing assembly 204 preferably has a 
substantially siinlar stnidure to towar packing asaern- 
biy 20Z If sea! assembly 205 is utifized for tower packing 
assembly 202. upper packing assennfaly 204 preferably 
utifi2es a simBar seal aaserrtbly that mates with a pol- 
ished bore receptacle located on the inner diameter of 
li>er 122 betow iner hanger 130. H packer 220 is used 
for tower packing assembly 202, upper packing assem- 
bly 204 preferably utifizee a similar packer designed to 
operate wllhin the inner diameter of liner 122 proownate 
liner hanger 130. However, as shown in FIG. % uppar 
packtog assembly 204 does not require a no^ sleeve. 
[0026) Referring now to FIGS. 3 and 6. an enlarged, 
achematlc. cross-aecltonal view ol presaurizatton as- 
sembly 206 is ittostrated. Pressurizaiton assembly 206 
preferably comprises an a kswer aub 250. an upper sub 
252 removably oouptod to tower sub 250. and a aaaling 
sub 254 disposed within tower eub 250. 
[0027] Lower sub 250 preferably indudss intemally 
threaded ports 256a and 256b that provtoe a lluklcom- 
municattng path between an axial bore 258 of kiwer sub 
250 and an annulus 146 (FIG. 3) defined by an exiemal 
surface 260 of pressurizatkx> assembly 206. an internal 
surface of liner 122. tower packing assembly 202. and 
upper packing assembly 204. Conventtonal njpture 



dteks 262a and 262b are preferably removably con- 
tained in poru 256a and 2S6h, rs6pectively. When con- 
tained in ports 256a and 256b. n/pture disks 262a and 
262b create a ftuid tight saai between the interior of pres- 

5 surization assembly 206 and annuks 146. A preferred 
rapture disk for mpture disks 262a and 262b is the disk 
sou by Oklahoma Safety Equipment Company (0&- 
ECO) of Broken ArrowL Oklahoma. 
[0028] Althous^ not shown m RG. 6. other conven- 

ro tionat (luki bypass devices other than a rupture disk, 
such as a bal drop ctrcutating valve, an interna! pres- 
sure operated cticulating valve, or other conventtonal 
circulating vaVa may be operatively coupled with ports 
2S6a and 256b. A prefen^ed internal pressure operated 

18 drcuiatingvalveisthelPOCkcutatingVbVaaotobyHal- 
BHifton Eneigy Seivieea of CarrolKon. Texas. Afl of 
these fluki bypass davteee. toctodingmpturecSska 262a 
Ml 262b. have a first mode of operatton that does not 
aDowfUjto to ftow through porta 2S6a and 256b into an- 

io nuiual46,andaaeoondfnodaoroperattonthata9ows 
fluto to ftow tfwoufih porta 2S6a and 256b into annulua 
14a 

(002fq Lower aub 250 abopraferablyncludes ports 
264a and 264b. Each of porta 264a and 264b provkto a 

2S fluki oommunicattog path between the inlertor Of prea- 
surizatton 88serr4)ly 206 and annukis 146. Axial bore 
258 preferably has an annular shouUer 265 and threads 
267 disposed above porta 264a and 264b. 
IpoaO) Sealing aUb 254 prafaiablyincludea an anmi- 

» tor supporting member 266 and an annular, elastomerto 
steove 268 couptod to a tower end of supporting mem- 
ber 266. Stoeva 268 iapratorably adhesively ooMptodto 
supporting member 266 along a portton 270 and shoul- 
der 272 of syppcrl member 266. When oouptod togeth- 

9S er. auppoftingniambar266and8teetfa268dalinaan 
axial boca 274 and an axlemal aurfaee 276. External 
surface 276 has an annular recesa 278 proodnnato ports 
264a and 264b: a shouUer 280 for mating with shoutoer 
265 of tower sub 250. and an annular stat 282 above 

40 annular recess 278. An 2B4 la disposed in stol 
282 and creates a fluto tight seal between sealing sub 
254 end tower sub 250. In ila undeftodad positton. as 
shown to FIG. 6. a tower and 266 of stoeve 268 creates 
a nuid tiG^it aeal against axial bore 258 of tower eub 250. 

45 cpoai] Upper sub 252 preferably inctodes an axial 
bore 268. m external surface 290. anda tower end 292. 
External surface 290 prefeiably inckides an annular 
shouktor 294 for mating with toiwer sub 250. an annular 
sbl 296. and threads 298 tor removably engaging 

80 ihraad8267oftawer6ub2S0./Wio-rtog300isdi8pOTed 
within annular stol 296 to create a fluU tight seal be- 
tween tower sub 250 and upper sub 25Z Lower end 292 
abuts support member 266 of seafing sub 254. 
[0032) Having descrbed the Stnicturo of completton 

88 apparatus 200. the opersttan of completion apparatus 
SOOsoaatocomptoteJunctton 100 win nowbe described 
in greater detail. Referring to FIGS. 1-6 to combtoatton. 
after wiper ptog 133 is tended at. and seals off. stage 
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eemontng tool 1 38. work string 1 2B is puBdd abcve top 
portion 134 of Tnor 122. Exoods 6«atant within work 
String 1 28 and abO¥o lop portioni 34 o# fewl22 Is then 

ctrojtated out of the weO. 

[0033] Next, work string 128 is run into liner 122 until 
no^ sleeve 207 of tower packing asseirtily 202 con- 
tacts no^ shoulder 142 of foier 122. Al this point, a 
nuid seal is created between seal assembly 205 of 
tower packing assen^ly 202 and polished bore recep- 
tacle 144 ol Bner 122. Altemath^ely. i! packer 220 is uti- 
lized as tower packing assembly 202. packer 220 is set 
to create a fluid tig^t seal against liner 1 22. Also at this 
point, a fluid tIgM seal is aealed between upper packing 
assembly 204 and Inar 122 h a nranner substantiaily 
snUtar to that described Immacfately above for tower 
pacUngassembly 202. No^shoutoer I42d liner 122 
Is positioned wiMh lateral weltiore 104 so that tower 
packing asaembly 202 la tocated betow window 120, 
and so that upper packing aasanMy 204 is tocated 
above window 120. within Junetton 100. 
[0034] When tower packing assembty 202 and upper 
packing assairtbly 204 use seal assemblies 205. the 
pressure on the driling mud. water, or other fluid already 
wnhto annukm 146 will incraaaa as tower packing as* 
sembly 202 and upper packing assembly 204 seal 
egaM liner 122. Before no^ sleeve 207 engages no- 
go shouMer 142. such an increase in pressure, applied 
across the diffefential areas of tower packing assembly 
202 and upper packing assembly 204. may cause a hy- 
draulic tock enact preventing lurtfier insertcn of work 
string 128 toto liner 122. Inadditton. when tower packing 
assembly 202 and upper packing assembly 204 use 
conventional packers 220. asimaar hydraulic tock effect 
may create problems for oonventtonal packers 220 that 
employ a downwaid satttog moctoa 
pMOq Howavar. such an incraasa in pressure b re* 
Itoved by sealing sub 254 of presaurtzation assembly 
206 h the feltowing manner. Due to the increase in pres- 
sure, fluki enters ports 264a and 264b to the point where 
it fUto annular recess 278. The pressure in annular re- 
cess 278 bulkte to the point ¥rtiere lower end 266 of elas- 
tomeric stoeve 268 temporarily deflects inwardly, un- 
sealbg from axial bore 258 ol tower sub 250 Such un- 
seafing aitows fkiid to flow f rem annular recess 278 into 
the Martor of prassurizattonaasenMy 206. reducing the 
pressure h annulus 146 and etiminating the above-de- 
ecrtied hydraulic lock problems. 
[0^36] Next, a Hukl tight eeal is created proximate the 
end of work string 128 betow tower packing assembly 
202. Such a fluU tight seal is preferably fomied using a 
wire-One ptog. by pumping a pkig down work string 1 28, 
or other convenUonal technk;uas. A preferred pkig is the 
X-LocKC Plug sold by Halliburton Energy Senrtoes of 
Carrdlton. Texas. 

[0037] Next a ftuto such as water or drSling mud is 
pufT^ down work string 1 28. Due to the fluki tight seal 
created by the plug at the end work string 1 28. the pres- 
sure within pressurization assembly 206 is increased to 



the point where nipture disks 262a and 262b njpture. 
The mpturng of rupture dtslts 262a and 262b places the 
htertor of presswizatton assembly 206 In fluid oommu- 
nicatton with annuius 146 via ports 256a and 256b. Al- 
5 tematively. if a fluto bypass device other than njpture 
disks are utilized, such praseurizatton causes the fluid 
bypass device to enter its second mode of operatkxi that 
aOows fluW to flow through ports 256a and 256b to an- 
nulus 146. 

10 [0036] Next, the pressure within work string 1 28, and 
thus annulus 146. is proferabfy continuously and grad- 
uaOy hcreased so as to pfastically deform the portton of 
iner 122 betvmen tower packing assembly 202 and up- 
per packing assembly 204 radially outward toward win- 
's dow120. main weltx>reca$ing 106. andlateralwBltxxe 
104. It wiQ be appreciated that If a cementittous sealant 
or conventtonal cement is used for sealant 124 prood- 
malo junction 100. such deformatton ol iner 122 nwst 
occur before the cementittous sealant or cemem hard- 
20 ens. However, if an elastomeric sealant is used for seal- 
ant 124 proKknato iunction 100. such defonnalton may 
occur before, or after, the elastomeric sealant hardens 
due to the ductility of the sealant. 
[0039] Such deformation of liner 1 22 provtoes slgnif - 
2S kant advantages in the completion of jundton 1 00. Flrsl 
as Hner 122 is deformed radially outward, sealant 124 
in Ihe portkxi ol the annulus between liner 122. main 
wailxxe casing 106. and lateral welbore 104 within 
junction 100 is placed in oompresskxi. Such compres- 
30 sion provtoes a higher pressure rating for junetton 1 00 
during subsequent completion or productton operattons 
in the multilateral well. 

[0040] Second, because window 120 is defined by the 
intersectton of cyOndrtoal main wollbore casing 1 06 and 

35 generaSy cylindrtoal lateral welbore 104. window 120 
tas a generally ell'fjttoal shape, with a major axis gen- 
eraly paralte! to the kingitudinal axb of main wellbore 
casfig 106. Therefore, the outward deformation of liner 
122 works to ctose the joints or gaps betwreen liner 122 

40 and window 120 present at the top and bottom 0* win- 
dow 1 20. Such joffit closure in turn minimizes leak paths, 
and thus leaks, within juncUon 100. In situattons where 
the outward deformatioo of Kner 1 22 may result in metal 
to metal contact ot liner 122 and window 120. it is prel- 

45 arable to use a reinforced Iner 122 to insure that any 
jagged or sharp edges on vnndow 1 20 do not pierce liner 
122. 

[0041] Third, the outward deformatton of Bner 122 in- 
creases the inner diameter of liner 122. This increase in 

so fv>er diameter results in a larger flow path for pelroteum 
from lateral welttwre 104. increasing the productivity o< 
the well. This increase in rmer diameter also results in 
a terger clearance for downhole tools to enter arxf exit 
&eral wellbore 104 during subsequent compteton or 

55 productton operattons. 

[0042] It will be appreciated that after liner 122 has 
been deformed radially outward via hydraulfc pressure 
as described hereinabove, a second work string with a 
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sizing mandrel may optionaly be run down main weD- 
bore cas'ffig 106 and through junction 100 to insura ad- 
equate detonmation of iinef 122. 
[0043] Referring nowto FIG. 7. an enlarged, schemat- 
ic, top sectional view oC an altemate lateral liner 122a 
that may be used in connection with completion appa- 
ratus 200 is iUustratod- Lateral liner 1 22a is formed with 
a grooved intemal surtace 500 and a grooved external 
surface 502. Liner 1 22a thus preferably has a cross-sec- 
tion 504 resembling a beHows. The geometry ol grooved 
surlaces 500 and 502 taciiitate the outward deformation 
oC finer 122a at tower pressures. A tower pressure re- 
quirement tor the outward deformation of &)er 122a in 
turn reduces the risk of failure of the seals aeated by 
lower packbg assemWy 202 and upper packing assem- 
bly 204. In addlion, as compared to a iner with a gen- 
erally cytiridrical crooe-eection, Iner 122a provides a 
larger, expanded outer diameter from a smaOer. unde* 
formed, run in outer diameter As shown h RO. 7. 
grooved surfaces 500 and 502 preferably comprise 
grooves having a 'shusodal' croes-eectnn. However, 
grooved surfaces 500 and 502 may alterr>ativBly com- 
prise grooves having a 'saw tooth', 'square torth', or 
other cross-sectiooal geometiy. In addition, preferably 
only the portion ol liner 122a between lower packing as- 
sernbly 202 and upper packing assembly 204 is formed 
with grooved external surface 502. and the remainder 
of Iner 122a is tombed with a generally cylindricat exter- 
r>al surface. 

[0044] Referring now to FIG. 8. an enlarged, schemat- 
ic, cross-sectional, view of a packing asserriWy 600 and 
a finer 602 according to a second, preferred eirtbodi- 
ment ol the present inventkxi are shown disposed within 
junctton 100. Packing assembly 600 Is preferably cou- 
pled to work stnng 1 28 abova supporting nendrel 140. 
tfid packing assembly 600 preferably has a substantial- 
ly kientteal stwcture to upper packing assembly 204 of 
completton apparatus 200. Uner 602 is preferably com- 
prised of an upper sectksn 604, a tower section 606. and 
a tod |oint or other conventksnal coupling mechanism 
606 coupling upper sectton 604 and tower section 606. 
AMematively. liner 602 can be machined to have upper 
sectkxY 604 and tower sectkxi 606. without the need for 
a coupling mechanism 606. 

[0045] If seal assembly 205 is utilized for packing as- 
sembly 600, Ikw 602 preferably Includes a poished 
bore receptacle 610 located on the irmer diameter of lin- 
er 602 bekyw liner hanger 130. If packer 220 is used for 
packirtg assembly 600. polished bore receptacle 610 
may be eliminated. If desired. 
[0046] As shown in FIG. 9A upper sectton 604 and 
lower section 606 are made from the same material or 
casing grade. By way ol tilustratton ortly. both upper sec- 
tton 604 and tower section 606 may be made ol casing 
grade API N-60. whtoh has a yield strength ol approxi- 
mately 80.000 psi (552 MPa). Upper sectton 604 pref- 
erably has a generally cylindrtoal axial bore 610 arxt a 
generally cylindrical external surface 61 2. Lower section 



eOSprefeiablyhasagenarallycylindricalaxfalboraSU 
a generally cyfindrical external surface 616. However, 
upper section 604 has a wan thickness 61 8 smaOer than 
a waB thtoknasa 620 of to¥V6r sectton 606. 
5 [0047] As shown in FIG. 9B. upper sectton 604a pref- 
erably has a genafBDy cylindrical axial bore 610a and a 
generally cylindrical external surtace 61 2a. Lower sec- 
tion 606a has a generaily cylindricat axial bore 614a a 
generally cylindrical external surface 616a. Upper see- 
to tton604ahaaawaOthtokne88 6ieasub8tantia»rklen- 
ttoai to a wan thtokness 620a of tower sectton 606a 
However, upper sactton 604a and tower sedton 606a 
are made from drllerent materials or casing grades. 
More speciftoally. upper sectton 604a is made from a 
15 material or casing grade having a tower yieU strength 
than the material or eating grade ol tower tacttoneOSa 
By way ol tOustratton only, upper secttort 604a may be 
made from casing grade API K 55. whtoh has a ytoto 
strength of approximately 55.000 psi (379 MPa). and 
20 tofwer sectton 606a may bo made ol casing grade API . 
N-80. whtoh has a yieto strength of approximately 
80.000 psi (552 MPa). 

[0048] In FIG. 9A. sectton 604 may also be 
made f rom a casing grade having a tower yto to strength 

25 that the casing grade used to make tower section 606. 
Although not shown In FIG. 9a upper section 604a may 
also be formed with a smaller wall thtokness 616a than 
wall thtokness 620a of tower sectton 606a. 
[0049] It is believed that by varying the wall thickness 

30 and/Or casing grade of upper section 604 relative to the 
wall thickness and/br casing grade of tower section 606. 
as descrtoed hereinabove, the design of Itoar 602 may 
be optimized so that lor a given intemal pressure, upper 
Mclton 604 plasttoaHy deforms in a radsally outward dl- 

9S fectton, and tower sectton 606 does nc« exhibit substan- 
tial ladeldefomnatton. 

[0050] Having described the stnx:ture of packing as- 
sent 600 and liner 602. the operatton ol these appa* 
ratus so as to comptete junctton 100 will now be de- 

40 scribed in greater detail. Referring to FIGS. 1 . 2. 4. 5. 8. 
9A, and SB in combination, after wiper plug 133 is land- 
ed at. and seals oft. stage cementing tool 138. work 
string 128 is pulled above top portton 134 of Uner 602. 
Excess sealant within work string 128 and above top 

4S portton 134 of liner 602 is then circulated out ol the wel. 
[0061] r4ext. wortt string 1 28 is njn into finer 602 until 
seal assembly 205 of packing assennbly 600 creates a 
fUjto tight seal against polished bore receptacto 610 of 
liner 602. An increase In pressure may be obsenred top 

so hole by conventwnal pressure measuring devtoes when 
seal assembly 205 b property seated against polished 
bore receptacto 610. Alternatively, if packer 220 is uti- 
lized as packing assembly 600. packer 220 e set to cre- 
ate a fluid tight seal against liner 602 betow Uner hanger 

« 130. 

[0062] Next, a fluto such as water or drifiing mud is 
pumped down woric string 128. Due to the fluto tight seal 
created by packing assembly 600 against liner 602. fluto 
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eventually fins aD 01 ftw 602 bolonw pac*ng asse^ 
600 Amn to wiper plug 133 Mated in atage camanflng 
tool 139. The pfeasure wittiin wofk slrng 128. and thus 
rner 602. is praferal)!/ continuously and g^8dually in- 
creased eo as to plastically deform upper section 604 
latfiaPy outward toward window 120. the portion o* inain 
welbore casing 106 proxrnate window 120. and the por- 
tion o* laleral weObore 104 proximata window 120. As 
the deformation of upper section 604 occurs, tower sec- 
tion 606 preferably does rM exhWl substantial racSal 
deformation. 

[0063] Such defonfnation of upper section 604 pro- 
vides substatf ially Ihe same, significant adimtages in 
the oofTplelion of junction 100 as described herein- 
above tar completion apparatus 200. In adcftion, upper 
section 604 may be fomied wtth an external surface 61 2 
similar to grooUd external surface 502 el nO. 7. i de- 
sired 

[0064] Relerrir>g now to FIG. 10, an enlarged, sche- 
matic top sectional view of an aterriale tetoral liner 700 
thai may be used in oonneclion with completion appa- 
ratus 200, crin the upper section 604 d finer 602. is 
illustiated. Uner 700 has an interior cross-section 702 
rnade from steel, steel afloys. plastic, or other generally 
non-elastomeric materiato conventionaiJy used for later- 
al liners. Interior croea-section 702 has an axial bore 
704. Uner 700 (unher has an exterior cross-section 706 
made from rubber or another conventional etastomeric 
material When liner 700 is surrounded by sealant 124 
and plastically deformed as descri>ed hereinabove, ex- 
terior cross-section 706 insures an adequato seal of 
Junction 100. Altematlvety. liner 700 may be plastically 
deformed as described hereinabove but without the use 
of aealwtt 124 k\ certain completions. In such comple- 
tions, exterior cross-section 706 Itsel seate against win- 
dow 120. main weHbore casing 106. and lateral welbore 
104. 

[00S5] From the above, one sMIIed in the art wtQ ap- 
preciato that the present invention provides improved 
apparatus methods for completing wenboree. The 
present inventicn provides such improved completion 
without Witoiting the anxjunl or rate of wefl production, 
or substffitially increasing the cost or conplexity d the 
completion of the weltwre. Significantly, the present in- 
vention aUows the operations of ninning a lateral liner, 
sealing a lateral liner, and plastically defoimng a laleral 
imer to be accomplished in a single downhole trip. The 
apparatus and methods of (he present invention are 
ecortomical to manufacture and use In a variety o< dowr)- 
hole applications. 

[0056] The present invention is illustrated herein by 
example, and various modifications may be made by a 
person ol ordinary skil in the art. For example, numer- 
ous geometries and/or relative dimensions couto be al- 
tered to accommodate specific applications otf the 
present invention. As another example, atthough the 
present invention has been described in connection with 
the completion of a {unction between a main weObore 



and a laterai welbore in e multilateral well, ii isfuly ap- 
pficable tothe completion of a junction between a lateral 
weObore and a second tateral weObore extending Irom 
the tateral weBbore. to completion operations performed 
5 h other portions ol a laleral weObore other than such a 
junction, to complelion operations performed in other 
portions of a main welbore. to casing repair opeiaiions. 
or to window closures. 

(0067] It is thus beHeved that the operation and con- 
10 struction of the present invention wOi be apparent from 
the foregoing description. While Ihe method and appa- 
ratus shown or d6scrft>ed has been characterized as be- 
hg preferred it wOl be obvious that various changes and 
modifications may be made. 

IS 

Clabne 

1. Aoonr^letlon apparatus for coupling toaworicstring 
20 (i28)andtorusewnhinaliner(122)ofawellbore. 

oonf^rfeirig: a first packtog assembly (202) lor CfB- 
ating a fluid tight seal against ffto liner (122); a sec- 
ond packing assembly (204) lor creating a second 
fluU tight seal against the liner (122); and a pros- 
es surizatksn assembly (206) disposed between the 
first and second packing assemblies (202.204). 

2. A contpletion apparatus according to dawn 1. 
wherein the presauriaation aseenMy (206) com- 

30 prises a port (2S6a,2S6b) opening to an annulus 
(1 46 ) defined by the pressurizatkm assembly (206X 
the liner(122X the first packing asseoAly (202). and 
the second packing assembly (204). 

9S 3. A oompletkyi apparatus aooocding to claim 2. fur- 
ther conprising a lluU bypass devtea opeiatlvely 
coupled with the port (256a.2S6b) for aRowing 
fluid oommunfcatton with Ihe annulus (146) in a first 
mode of operatwn. and for aOowing hydraulk: pres- 

40 surizatk)noltheannuhis(146)inasecondmodeof 
operation. 

4. A completion apparatus according to claim 3. 
wherein the pressurization assembly (206) com- 
45 prises a second port (264a.264b)anda seeling eub 
(254) opeiatlvely coupled with the second port 
(264a.264b) tor reliev^ pressure in the annulus 
(146) when the first and second packing assemblies 
(202^) are sealed against the Oner (122). 

50 

6. A completton apparatus according to Claim 3 or 4. 
wherein the hydraulic pressurization of lha annulus 
(146) causes a portion of the liner (122) between 
the first packing assembly (202) and the second 
55 packing assembly (204) to deform in a radially out- 
ward directton. 

6. A completion apparatus aocofding to claim 3, 4 or 
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5. whefoin tto fluid bypass device oomprisds a rup^ 
tiiredi8k(262a.262b). 

7. Aoomptotion apparatus accofding to any preceding 
daim. wherein the liner (i 22) Is adapted to be dis- 5 
posed within a junction (100) between a main wen- 
bore (102) and a lateral weltxxe (104) in a multitat- 
eral well. 



15. Afnethodaooordingtoclaim13ar14, wherein the 
first and second packing assemblies (202.204) 
conv>n66 seal assemblies that* mate with polished 
bore receptacles (144) located in the finer (122). 

16. A method aoGortSng to claim 13. 14 or 15. wherein 
the nrst and second packing assemblies (202.204) 
comprise packers. 



a. AcorT^letkjnapparatuaaocorefingtoanypfeceding « 17. A method according to ciakn 13, 14, 15 or 16. 

cla«i,where« the first and second packing assem- wherein at least a portnn d the liner (122) has 

blies (202.204) oonprise seal assemblies that male grooved intsinal and external eurtaces. 
with polished bore receptacles (144) k)cated in the 

^(t22). Amethodaooordhgtoanyoneofdaims13to17, 

15 further comprising the step of fluidly sealing the 

0. AconpletionapparatueaocordingloanyprecodinQ t«Kk string (12S)pfoodmate the fifslpackfcigasaem- 

dain. wherein (he first and second packing assem- bly(202). 
blies (202.204) comprise packers. 

10. Amethodaccofcfingtoanyoneof dalmslStoie. 

m Aoomplettonappafatusaccordingtoanyprecedinfl so wherein the step of disposing the liner (122) com- 

daim. where« at least a portkan of the liner (122) prises: coupling the Bner (122) to an end d the work 

has grooved internal and external surfaces. string (1 28); and running the woric string (126) into 

thewellm. 

11. A completksn apparatus accofdingk) any preceding 

clakn. wherein at toast a portwnd the liner (122) 20. A method ocoord»igk>claim 19. further comprising 

has an interior croes-eactton made from a generalV the step d disposing a sealant (1 24) in a second 

non-elastomeric rmterial, and an exterior cross- annuhis defined by the liner (1 22) and the weBbore. 
section made from a generally elaslomeric material. 

21. Amelhodaocoidingiodaim20whereinthestepd 

12. Aconplatnn apparatus according to any preceding 30 disposing sealant (124) comprises pumping sealant 
davn. wherein the welbore is a lateral wellbore through the work string (128), the eeoond pacMng 
(104). assembly (204). the pressurization assembly (206). 

the first pttddng asserhbly (202) . and tho liner ( 1 22). 

13. A m©ihoddooflfiptetfc>g a wwllxjro. comprising the and Into the second annukis. 
steps d: disposing a iner (122) in a well)ore;cou- » 

pllig a flretpackkig assembly (202). a prassuriia- 22. AmelhodaecordhgtoanyonedeWms 13to2l, 
tion assembly (206), and a second packing assem- wherein at least a portion d the liner (122) has an 
Wy (204) to a work siring (128); running the work mtertor cross-eadnn made from a generally non- 
string (1 28) w\U> the iiner (1 22); creating a flukJ tight elastomeric material, and an eiXterior cross-sedkxi 
seal between the first packing assembly (202) and 40 made from a generally elastomerte matertal 
the liner (122); creating a flukJ tight seal between 

the second pad*)g assembly (204) end the liner 23. A method according to any one d claims 13 to 22. 

(122); punping flukJ down the v«rk siring to the wherein the disposing step comprises disposing the 

pressurlzBlion assembly (206); utilizing the pr es- Bner (1 22) in a Junctkan (100) between a nain well- 

surtzatkm assembly (206) erti the fluid to pressu- 45 bore (102) and a lateral welbore (104). 
rtze an anruilus (146) defned by (he pressurizatton 

assembly (206), the Bner (122). the firet packing as- 24. A method according to claim 2a wherein the nin- 

sembly (202). and the second packing assembly ning step comprises running the work string (128) 

(204); and increasing a pressure in the annulus into the liner (122) until the first packing assembly 

(146) 6oastodetonnthelnef (122)inaiadially so (202) is disposed alter the juncUon (100) and the 

outward diroctkxi. second packing assen*ly (204) is disposed before 

the junction (100). 

14. A method according to claim 1 a »*»rsin the utilz- 

ing step conprises actuating a flwd bypass devk» 26. A method d completing a weR)ore. comprising the 

in the pressurizatkxi assembly (206) to provkJe a « steps d: disposing a liner (602) in a weltoore. ihe 

flukJ communicating path between ai interkx d the liner (602) havtr>g a first section (604) and a second 

pressurizatkxi assembly (206) and (he annutus sectton (606). the first section (604) being defonn- 

M45), able in a radially outward diredkxi at a lower pres- 
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euro thai the second section (606); coupling a 
pacUng assembly (GOO) toa work string (128); run- 
nbig the iwrfc siring (128) into the liner (128); cre- 
athg a nuid ti^ seal between the packing assem- 
biy tfidihe iner (602); pumping nuid down the work 
string (128) to pressurize an interior of the liner 
(602) after ff» packing assen*ly (600); and In- 
creasing a pressure in the interior d the tiner (602) 
to as to deforni the first sectksn (604) d the liner 
(602) in a racfiaOy outward direction. 

26. A method according to claim 25, wherein the first 
sectkn (604) and the second section (604) are 
made from an identical casing grade, and the first 
section (604) has a smaBer wail thickness than the 

second section. 

27. A method aocofdng to cbflm 25. whereh the first 
section and the second sectton (604,606) have an 
identical wall thickness. «ia Rrst sacttan (604) is 
madefrem alifslcasing grade, and the saoondsao 
tkm (606) is made from a second casing grade hav- 
Big a yIeW strength higher than the first casing 
grade. 

2a A method accoiding to claim 25, wherein: the first 
SQCtkm (604) is made from a first casing grade and 
has a first wal thfckness; and the second sectton 
(606) is made from a second casing grade having 
a higher yield strength than the first casing grade, 
and the seccnd sectkn (606) has a second waD 
thickness greater than the first waHttiickness. 

20. A metttod according to any one of claims 25 to 28. 
whetain the packing assembly (600) comprises a 
eeal assembly that mates wNh a poished bore re- 
ceptacle (610) tocated in the (mer (600). 

3a A method according to any one of claims 25 to 29, 
wherein the packing asseiTt)ly (602) comprisee a 
packer. 

31. A method accoiding to any one of claims 25 to 30. 
wherein at least a portion of the first section (604) 
of the Bner (602) has gioored internal and external 
eurtaces. 

32. Amelhodacoofdbigtoanyoneolclaims25to3l, 
wherein the step of disposing the liner (602) com- 
prises: coupling the liner (602) to an end of the work 
string (128); and running the woric string (128) into 
the weilbora. 

33. A method according to any one of claims 25 to 32. 
further comprising the step of disposing a sealant 
(124) in an annukis defined by the liner (602) and 
the weObore. 



34. A method according to dain 33, wherein the step 
of disposing sealant (1 24) comprises pumpir^ saa)- 
ant through the wortc siring (128), the packing as- 
sent (600), and the liner (602). and into the an- 

5 nukis. 

35. A n^thod »xording to any one of ctaims 25 to 34. 
wherein the first section (604) has an irtlerior cross- 
section made from a generally non-elastomeric ma- 

io terial. and an exterior cross-section made Irom a 
generally etastomeric material. 

36. A method according to any one dcfabns 25 to 35. 
wherein the disposing step comprises doposing the 

IS iner (602) in ejunctwn (102) between a man well- 
bore (102) anda latetal weBbore (104) eo that the 
first sectkan (604) extends throughout the iundton 
(100). 

20 37. A method according to claim 36, wherein the nm- 
ning step comprises running the worit string (128) 
nto the liner (602) unti the packing assembly (600) 
is disposed before the pnaion (600). 
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